Abstract: Recent commodity price declines have added to worldwide macroeconomic risk, which has had serious effects on both commodity exporters and manufacturers that use oil and raw materials. These effects have been keenly felt in Central and Eastern Europe-particularly in Russia, but also in European Union member states. This study tests for spillovers among commodity-price and macroeconomic volatility by applying a VAR(1)-MGARCH model to monthly time series for eight CEE countries. Overall, we fi nd that oil prices do indeed have effects throughout the region, as do spillovers among exchange rates, infl ation, interest rates, and output, but that they differ from country to country-particularly when different degrees of transition and integration are considered. While oil prices have a limited impact on the currencies of Russia and Ukraine, they do make a much larger contribution to the two countries' macroeconomic volatility than do spillovers among the other macroeconomic variables.
Introduction
With oil and other commodity prices declining since 2014, after large increases that began during the run-up to the 2008 fi nancial crisis, economies throughout the world must continue to brace for strong economic impacts. In particular, revenue might decline for commodity exporters, but economies that rely more on manufacturing will also fi nd themselves susceptible to increased terms-of-trade volatility and the associated macroeconomic risk. This is especially true for the Central and Eastern European (CEE) region, whose countries are either members of or closely connected to the European Union.
The CEE region has long experienced macroeconomic "transmission" from its larger neighbors. Before the 2008 Global Financial Crisis, rising commodity prices and currencies that were often pegged to the Euro combined to "import" infl ation and contribute to an unsustainable economic boom. Likewise, the 2008 crisis and collapsing commodity prices were associated with volatile output, price declines and general instability in the CEE region and elsewhere in the world. This study examines the linkages between commodity-price and macroeconomic volatility in eight CEE countries, using monthly data that begin in the 1990s. Using Multivariate Generalised Autoregressive Conditional Heteroskedasticity (MGARCH) models, we fi nd that effects differ among the variables of interest, with oil-price fl uctuations having less infl uence on interest-rate volatility than on output, exchange rates and infl ation. Results also vary by country type, with the Czech Republic, Hungary, and Poland less likely to see exchange-rate volatility spill over to output variability, and Russia and Ukraine witnessing (perhaps surprisingly) fewer spillovers from oil prices to output.
Relation to the Literature
Most studies of commodity-price volatility examine either the volatility of one or more commodities itself, or spillovers between commodity and fi nancial prices (such as stocks or currencies). In the former group, Beck (2001) uses an ARCH model to examine storable and non-storable commodities, fi nding that only storable commodity prices exhibit time-varying variability. Dahl and Iglesias (2009) , however, repeat the earlier study and fi nd that non-storable commodities exhibit this property as well. In a seminal study, Cashin et al. (2002) discuss spillovers to the exchange rate for socalled "commodity currencies." Other analyses apply different types of GARCH, as well as alternative estimation methods. For example, Bernard et al. (2008) examine aluminum prices and fi nd that Exponential GARCH or other GARCH methods do not outperform the standard method. Choi and Hammoudeh (2010) apply a number of variations in analysis of the oil and metals markets. Likewise, Ding and Vo (2012) and Brooks and Prokopczuk (2013) use non-GARCH models in their studies.
Studies in the second group mentioned above include Bui and Pippinger (1990) , who examine links between commodity prices and (supposedly more volatile) exchange rate regimes, while Smith (1999) studies differences in spillovers under fi xed and fl oating exchange rates. Chen et al. (2010) examine the other direction of causation-from commodity-driven exchange rates to global commodity prices. Mensi et al. (2013) use a VAR-GARCH model to investigate spillovers between stock and commodity prices.
Fewer studies focus on connections between commodity-price volatility and the real economy, although the means of the variables are often included in models when the variances are not. Deaton (1999) fi nds that commodity prices explain nearly half of sub-Saharan Africa's growth during the period of study. Ocran and Biekpe (2007) discuss the sensitivity of policymakers to changes in commodity prices, thus affecting monetary and macroeconomic variables. Velasco and Céspedes (2012) conclude that increases in commodity prices increase economic activity in their analysis.
While Hegerty (2011 Hegerty ( , 2012 ) examines a single macroeconomic variable (the interest rate and output, respectively) and its volatility transmissions within the CEE region, multivariate analyses are relatively rare. We therefore examine volatility spillovers among oil prices and output growth, infl ation, interest rates, and exchange rates in eight CEE economies using a VAR(1)-MGARCH model. This model allows to assess spillovers among the variables in the mean equations as well as in their variances. Our paper proceeds as follows. Section II outlines the econometric methodology. Section III discusses the results, and Section IV concludes.
Methodology
Using monthly data from the International Financial Statistics of the International Monetary Fund, we calculate log changes in Industrial Production and the Consumer Price Index (after fi rst deseasonalizing both series using the Census-X12 method), money-market interest rates, and the exchange rate expressed as units per U.S. dollar. (For Hungary, the discount rate is used.) The exact sample lengths are provided in Table 2 in Appendix. We also calculate log changes in the index of U.K. Brent oil prices.
Our sample of countries includes CEE economies that have progressed along different paths during the two decades since the fall of communism. Three countries (the Czech Republic, Hungary, and Poland), were early reformers and among the fi rst to join the European Union. The Balkan countries of Bulgaria and Romania joined later, and still face a number of challenges. To this group might be added Croatia, which joined the EU only in 2013. Finally, Russia and Ukraine lie outside the economic bloc, with few prospects of joining in the near future. We expect to fi nd interesting differences among these countries in our study.
Our goal is to measure time-varying volatility and its transmission, based on GARCH models introduced by Engle (1982) and Bollerslev (1986) . We model each series simultaneously as follows. For each country, we estimate a Vector Autoregressive model of order one-a VAR(1)-to capture contemporaneous spillovers among the macroeconomic variables and oil prices, as is Equation (1a). At the same time, we estimate a Multivariate GARCH(1,1) as in Equation (1b), in which each variable's variance series is a function of the others' error terms (shocks to the variables) and volatility series. The resulting coeffi cients show volatility spillovers from one variable to another. We also estimate conditional correlations, as is shown in Equation (1c): This estimation method allows us to fi nd evidence of volatility spillovers both from oil prices to the overall macroeconomy, as well as among the macroeconomic variables themselves. We discuss our fi ndings below.
Results
We begin by modeling oil-price volatility using a univariate GARCH(1,1) model. Applying the Box-Jenkins methodology, we fi nd that a simple AR(1) serves as an appropriate mean equation. The original series of log changes and the resulting variance series are depicted in Figure 1 . Besides the sharp price declines associated with the 2008 fi nancial crisis, we see relatively high volatility in the late 1990s and early-and mid-2000s. (1a)
Figure 2 shows all eight countries' macroeconomic time series. We see sharp currency depreciations in Croatia (1992), Romania (1997) , Russia (1998) , and Ukraine (2008). As international macroeconomic theory would predict, infl ation is high during these periods as well. We see fl uctuations in growth rates throughout the region over the entire sample, while interest rates exhibit particularly obvious time-varying volatility in Croatia, Romania, Bulgaria, and Russia. We also see infl ation stabilise in Russia, Croatia, and Romania (Bulgaria's sample begins after its 1997 hyperinfl ation, and Ukraine's sample is short as well). Differences among countries suggests that the relative contribution of domestic factors versus oil prices toward macroeconomic fl uctuations will vary across the region. 
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These contributions are tested using our VAR(1)-MGARCH(1,1) model, the results of which are presented in Table 1 in Appendix. While our focus is on spillovers that originate with oil prices, we also note key connections among macroeconomic variables. We focus on three main ideas when interpreting these statistics: Contemporaneous connections in the mean equation (the VAR coeffi cients from Equation 1a), conditional correlations (Equation 3c), and the GARCH coeffi cients (Equation 3b). We suspect that our three groups of countries (the "Visegrad" countries that joined the EU in 2004, the three Balkan nations, and Russia and Ukraine) exhibit differences in their behavior, which might be attributed to varying degrees of transition and economic integration. We address these differences below.
In the mean equations, we see spillovers from oil prices to infl ation in Poland and Hungary (manufacturing exporters that were early EU members). These two countries see the same connection from infl ation to their currencies. Among the Balkan nations, and in Russia and Ukraine, there are fewer signifi cant effects. Likewise, oil-price increases boost industrial production growth in Hungary and Ukraine, and infl ation in Hungary and Poland. Only Russia sees its currency decline (an increase in units per dollar) if oil prices fall. Do these connections among the mean equations also exist among the variances? Turning to the conditional correlations, oil-price and exchange-rate volatility are negatively correlated in all cases but Ukraine. This is perhaps surprising because the sign is "wrong," suggesting that increased global risk is related to more currency stability, but perhaps policymakers are more active in times of turmoil. This discrepancy is worthy of further study. While Ukraine is perhaps more susceptible to political and other risk than to events in world oil markets, we see few easily explainable patterns 
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among any pairs of macroeconomic variables in the region. For example, oil-price volatility is correlated with interest-rate volatility in Poland and Russia (suggesting that policymakers are active in their response to risk), but no other nation shows the same relationship. Likewise, infl ation volatility is correlated with output growth volatility only in the Czech Republic, and is correlated with the exchange rate in Hungary, Russia, and Ukraine. These fi ndings are easier to explain using Equation (1b). Examining the GARCH coeffi cients, we fi nd clear evidence of volatility spillovers from oil prices to all macroeconomic variables, for almost all countries. Only interest-rate volatility fails to yield signifi cant GARCH coeffi cients for Poland, Croatia, and Bulgaria, while Russia's and Ukraine's exchange-rate equations do not have signifi cant oil-price volatility coeffi cients. Perhaps this can be explained by the fact that these two non-EU members are highly sensitive to energy prices and also manage their exchange rates heavily. Clearly, these two countries behave differently with regard to their responses to oil prices; these differences are explained in further detail below.
Other macroeconomic variables show contributions to each other's volatilities, but not uniformly across countries or variables. For example, Polish interest-rate variability is infl uenced by all domestic variables, but not by oil-price volatility. On the other hand, Polish growth and infl ation, as well as all Hungarian variables, see numerous signifi cant impacts. For the other countries, Russia and Ukraine appear to have the least number of signifi cant coeffi cients. Table 2 summarises the GARCH coeffi cients and conditional correlations by country group and in total. Oil-price volatility spills over to exchange rates and infl ation, and interest-rate volatility affects exchange-rate volatility, in seven of the eight countries. Oil prices affect output in six cases. On the other hand, oil price fl uctuations infl uence interest rates in only half the countries. Exchange-rate volatility affects output variability in only three cases, none of which are the early EU members in Group A. Output variability spills over to exchange rates and interest rates in only three cases each. Group C (Russia and Ukraine) experience few spillovers from other variables, other than from oil prices to infl ation volatility.
In addition, calculating sums for each group in Table 2 shows that while Group A (Poland, Hungary, and the Czech Republic) has 33 signifi cant coeffi cients and Group B (the three Balkan countries) has 34, the two countries in Group C generate only 11 signifi cant coeffi cients. This is proportionally less than is the case for the two larger groups. This suggests that political factors or other unexplained variables might be responsible for much of the macroeconomic risk. Considering that fi ve of these 11 coeffi cients are related to the oil price, we can conclude that this variable plays a particularly large role in macroeconomic volatility in this part of the region.
Finally, a look at the summary of conditional correlations shows the most linkages to be between exchange rates and infl ation. Differences between the groups with regard to the other variable pairs suggest that the level of integration might help explain differing degrees of susceptibility to macroeconomic spillovers.
Conclusion
Following years of record highs, the continued drop in oil prices that began in 2014 has helped contribute to increased volatility and risk in the CEE region. This risk has had profound economic and political effects. The former can be examined using time-series techniques. Using Multivariate GARCH methods and a VAR(1) mean equation, we address spillovers from oil-prices to fl uctuations elsewhere in the macroeconomies of eight CEE nations. Our VAR(1) mean equations show that Poland and Hungary experience spillovers from oil prices to infl ation and from infl ation to the exchange rate, while the Russian ruble depreciates if oil prices fall.
Our GARCH coeffi cients and conditional correlations fi nd that oil-price volatility spills over less to interest-rate risk than to the other variables, and that other types of macroeconomic volatility play a far smaller role in the Russian and Ukrainian economies than in the Visegrad or Balkan nations. For these two countries, oil prices have signifi cant effects, although, perhaps surprisingly, not on the ruble or hryvnia. We can therefore conclude that the degree of success in the transition process-which has rewarded most of these countries with membership in the EU-also might help explain these varying results. Russia and Ukraine, in particular, show results that are worthy of further study. 
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